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Abstract

The pancreatic stones (Pancreatic calculi) collected from patients suffering from chronic calcific pancreatitis were studied in a view to
explore the constituents involved in the calcification. The calcified stones were characterized by XRD, EPR and IR spectroscopic techniques.
The detailed studies indicate that these stones consist of calcium carbonate as a major component, besides phosphates and other protein content.
The presence of aragonite phases in the biomineralized stones is also discussed. The EPR spectra gave an evidence of the presence of traces of
manganese in different oxidation states, which is used as one of the EPR probes in the present work. The samples were sintered at different
temperatures to remove all the organic matter, and their EPR spectra have been studied to obtain detailed information regarding the changes in
the symmetry of these stone samples. The X-irradiated sample was also characterized by EPR and the resonance signals are attributed to freely
rotating CO, radicals. The infrared spectrum reveals the presence of many organic bands corresponding to the protein amides.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The pancreas in all mammalian species is an important
gland located in the upper abdomen behind and below the
stomach. The pancreas has both exocrine and endocrine
functions. The endocrine part of the pancreas consists of the
islets of Langerhans, which have alpha, beta and delta cells,
which secrete glucagons, insulin and stomatostatin, respec-
tively [1]. The exocrine part of the pancreas is concerned with
digestion as it secrets several digestive enzymes [1].
Inflammation of the pancreas is known as pancreatitis and
may be classified as acute and chronic pancreatitis. Chronic
pancreatitis is a continuing inflammatory disease of the
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pancreas characterized by irreversible morphological
changes that typically causes pain and permanent loss of
pancreatic function. In the natural history of pancreatitis,
intractable pain dominates other clinical complications,
calcification sets in soon after pain leading to stone formation
(Pancreatic calculi) in the main duct [1,2]. Biological fluids
are generally supersaturated with respect to calcium salts
such as oxalates in urine, phosphates in saliva, and carbonates
in bile or pancreatic juice. It might become harmful if
continuous crystal growth is allowed, leading to the
formation of stones. Inhibition of stones is mainly done by
protein inhibitors. In the pancreas, the stone formation is
inhibited by a 144 amino acid glycoprotein (15.5 kDa)
showing structural homology with C-type lectins and
synthesized by pancreatic acinar cells [3]. However, the role
of the pancreatic stone protein (PSP), lithostathine, is
controversial and is expected to contribute to the stone
formation [4].
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In south India, the commonest cause of pancreatic
calculi is tropical chronic pancreatitis [5,6]. This long-
standing disease very often affects the endocrine function
of the pancreas resulting in diabetes. This form of
diabetes, which occurs due to tropical chronic pancrea-
titis, is called Fibrocalculous Pancreatic Diabetes (FCPD)
[5,6]. Pancreatic concretions are pure white or yellowish
in color, spherical, cuboidal or cylindrical in shape;
multiple in number and hard in consistency [2]. Studies
on the composition of P. calculi using X-ray diffraction
revealed calcium carbonate as the primary constituent
[2,7]. In addition, traces of nickel and fatty acids, organic
matrix with desquamated epithelium, fibrin, mucoid
substances and protein have also been reported [2].
Pancreatic stones specifically contain a 15.5 kDa protein
called lithostathine, also called pancreatic stone protein,
inhibiting the calcite growth and tightly binds CaCOj;
crystals modifying the crystal habit in vitro [8]. It is
known that the pancreas is one of the most sophisticated
organs for the protein synthesis, secretion and electrolyte
exchange, all of which require large amount of energy
and oxygen. Therefore, constitution expression of Mn-
SOD in the pancreas may serve as a biochemical defense
against oxidation of cellular constituents by free radicals
that escape the electron transport system [9]. It has later
been proven in several cases, particularly related to
diseases of human pancreas, where the cytoplasmic
values of Mn-SOD were decreased in pancreatic cells
from chronic pancreatitis specimen when compared to
normal pancreas [10].

EPR and electronic spectral techniques have been
extensively used in studying many biological systems
containing transition metal ions and/or the free radicals as
such. In this direction, recent works on EPR, infrared and
other spectroscopic studies have extensively been carried
out in a variety of biological systems [11-15]. In
particular, a study on the binding of Mn*" to bovine
pancreatic deoxyribonuclease I and DNA was studied by
Jouve et al. using EPR technique [11]. They clearly
demonstrated that Mn?" binds to DNA and the Ca*"
clearly competes with two strong Mn?" sites, which are
inequivalent by nature. They also indicated the Mn*"
binding to the phosphate groups in bovine pancreatic
DNase. In the present work, the authors have made an
attempt to study the calcified stones of pancreatic calculi
samples in human suffering from chronic pancreatitis.
The study is undertaken, assuming the fact that there are
many factors that influence the calcification including the
protein, organic solvents, etc. The present study explores
the structure and possibility of involvement of various
components in calcification using X-ray diffraction, IR
and EPR spectroscopy. In particular, the EPR spectra
have been studied at various temperatures to study the
novel information connected with the structure and
compositional details of the biomineralized pancreatic
calculi.

2. Experimental

The pancreatic calculi samples were collected from Dr.
Mohan’s M.V. Diabetes Specialities Centre and The Madras
Diabetic Research Foundation, Chennai, India. These
samples were dried at room temperature first and then
stored at room temperature in a desiccator. The heat
treatments for the same were given through controlled
temperature furnaces with an accuracy of 2 °C. The
samples for XRD were simply ground into a fine powder
using a clean agate mortar and pestle. The X-ray powder
diffractograms of the powdered samples of the pancreatic
calculi were recorded using a computer controlled Siemens
X-ray powder diffractometer with Cu-Ka X-radiation of
wavelength 1.5418 A. For the EPR spectral measurements,
the samples were dried and ground thoroughly in a tested
clean agate mortar into a fine powder. About 100 mg of the
fine powder was taken into fresh quartz tubes of EPR grade
and were inserted into the cylindrical cavity (TEO;;). The
EPR spectra were recorded on a JEOL FEI1X ESR
spectrometer operating at X-band microwave frequency
equipped with TEq;; cylindrical cavity with 100 kHz field
modulation. The temperature variation EPR studies were
performed from 123 to 295 K by using JES UCT 2AX
variable temperature controller. For thermal sintering of the
samples, ultra pure silica crucibles were used for the entire
experiments. The Infrared spectral studies were performed
in transmission mode on a JASCO FTIR spectrophotometer
using KBr pellet technique in conventional method.

3. Results

The XRD recorded for one of the samples of pancreatic
calculi is shown in Fig. 1. All the samples were identified as
calcium carbonate stones. By comparing the location of the
peaks in the XRD with the JCPDS data on inorganic
compounds, the peaks were identified as due to both calcium
carbonate and the calcium phosphate, with calcium carbo-
nate (in calcitic form) as major component as evidenced from
the intense peak (104) of calcium carbonate. The other peaks
corresponding to calcite, aragonite and minor components of
phosphates are indexed in the XRD picture shown in Fig. 1.
The dimorphic form of CaCOs; in the presence of protein
matrix is in good agreement with that observed for other
systems in the presence of soluble proteins [16,17]. No other
phases in any form are observed other than the reported ones,
as the X-ray diffraction data is scanned in broad range.

The mechanism of calcite crystal growth inhibition by N-
terminus undecapeptide of lithostathine, a crystal growth
inhibitor has been well studied by Gerbaud et al. [15]. In
their study, it was reported that the human lithostathine
modifies the crystal habit of calcite from rhombohedral
[1014] usual habit to needle like habit through [1120]
crystal form. However, the increase in calcification
decreases the lithostathine secretion leading to chronic
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Fig. 1. X-ray diffraction pattern of P. calculi sample. The peaks are indexed in view of the presence of both calcite (C) and aragonite (A) phases. The peaks
correspond to minor compositions of phosphates of calcium (P) are also seen in the figure.

pancreatitis disease. The EPR spectra of polycrystalline P,
calculi show no significant EPR signals. However, when the
modulation is increased weak EPR signals are observed.
Fig. 2 shows the typical EPR spectrum of fresh P. calculi
sample at room temperature. The room temperature EPR
spectrum exhibits weak six-line hyperfine spectrum cen-
tered at g=1.9964 characteristic of Mn*" ions with isotropic
hyperfine structure arising from the central transition |—1/
2)[+1/2) of Mn*" ion with electron spin S=5/2 and nuclear
spin /=5/2. In-between these allowed hyperfine lines, the
forbidden lines (AM;+0) as doublets are also observed. The
observed EPR spectra are well comparable with the Mn?" in
Ca-environments in literature [17-20].

The observed EPR spectrum can be explained by the
spin-Hamiltonian of the form [21]

H = ﬁBgS+D(S§ —S(S+ 1)/3)

(1)

where the first term represents the electron-Zeeman inter-
action, the second and third terms represent the zero-field

+E(S2 - 82) +SA1

contribution and the fourth term represents the hyperfine
interaction.

The hyperfine splitting constant 4 can be calculated from
the position of the allowed hyperfine lines using the formula
[22]

Bw = By — AM; — A /8By (I(I + 1) — 4M}) (2)

where B, is the magnetic field corresponding to M; hyper-
fine line. B is the resonance magnetic field, Bo=hv/gof, go is
the isotropic g-factor. 4 is the isotropic hyperfine splitting
parameter and M;=—5/2, —3/2, —1/2, 1/2, 3/2, 5/2. The
hyperfine splitting parameter is found to be 4=89+2 G.

From the observed forbidden doublet lines, the zero-field
splitting parameter D, has been calculated by using the
formula [22]

AB = (ZDZ/Bm)

2
I+16 (Bm — SAZ\/[I) /9B[Bm — 64AM1]

(3)

where B,=Bo—AM;— {I(I+1)—M3}A?/2B,,.
Here I, M; and B, are the nuclear spin, nuclear magnetic
quantum number and the resonance magnetic field, respec-
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Fig. 2. EPR spectrum of fresh P. calculi stone sample at room temperature with different instrumental parameters.
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Table 1
Spin-Hamiltonian parameters for Mn?" ions in different polycrystalline
systems of Ca-lattices for comparison

System g-Values 4 (G) D (G) Reference
(1) P. calculi (RT) 1.9964 89 —125 Present work
(2) Mytilus sp. Nacre 1.999 85 —154 [19]
(Aragonite)
(3) Marine shell CaCO; 1.998 89 -96 [20]
(heat treated calcite)
(4) Pila globosa sp.* 2.010 91 125 [20]
(5) CaS 2.0015 72 - [40]

? Major component is calcite, but still has minor concentrations of
aragonite in it, as evidenced by IR and EPR.

tively. B; is the observed magnetic field position of each
allowed hyperfine line and the other symbols have their
usual meaning.

The g and 4 parameters have been calculated and are
compared with other systems as given in Table 1. A clear
examination of the zero-field splitting parameter D in the
EPR spectrum reflects the extent to which the coordination
sphere of Mn”" deviates from perfect cubic symmetry or the
symmetry possessed by the material on complex formation.
In evaluating the zero-field splitting parameter (D), we
considered the sign of the hyperfine splitting constant (4) as
negative since for Mn”" ions, the 4 value is always negative
[19]. The magnitude of zero-field splitting parameter D
obtained in the present work is 125 G and is in good
agreement with that reported for polycrystalline CaCO;
systems where calcite is found to be a major component
[19,20]. The sign of D value is relative and can be known
from the hyperfine separations of the spectral lines. As the
EPR spectrum recorded is polycrystalline one, it is difficult
to determine the same in this work. However, there are a
number of reports in literature [19,20,22], where the
negative sign was assigned for the D value. Hence, the
sign of D is assumed to be negative in the present case.

These values agree well with those reported for biominer-
alized, calcified species containing both aragonite and
calcite reported in literature [19,20].

The P. calculi may contain many salts of calcium, like
carbonate, phosphate and organic matter along with protein
content. When the metal ion is strongly bound to the
protein/enzyme, it is always difficult to find the para-
magnetic state of bind metal ions to protein sites, where
there is no free paramagnetic sites [11] at room temper-
atures. In order to exploit the same, the sample was heated at
different temperatures. Hence, the sample has been sintered
at different temperatures 400, 600 and 700 °C and its EPR
spectral response has been studied. This enables one to
study the changes in the environment around the metal ion
and release of free metal ions from the binding sites with
temperature.

3.1. The effect of thermal sintering on the EPR spectra of P.
calculi

In order to know the exact inorganic matter associated
with the pancreatic stone calcification, the calculi was
sintered at different temperatures, for about 2—3 h in air. The
sintering of the sample at 100 °C or below did not show any
difference in the EPR spectral features. When the sample is
sintered above 200 °C, a new sharp line appears at
£=2.0000 with a linewidth of about 8 G, but no appreciable
change is observed in the hyperfine spectra of Mn”" ions.
When the sample is heated further to 400 °C, the intensity
of this free radical signal increases as shown in Fig. 3. This
free radical signal may be due to the CO3 radical, which is
observed in many carbonate lattices [23-25], even at room
temperature.

In the sample of P calculi sintered at 400 °C, a clear
change is observed in the EPR spectra. A new set of sextet
hyperfine lines of Mn®" has been observed as shown in Fig.
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Fig. 3. EPR spectrum of P. calculi sample sintered at 400 °C showing two sites of Mn*" ions clearly.
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Fig. 4. EPR spectrum of P. calculi sample sintered at 600 °C showing three sites of Mn?" formed due to cationic vacancy created by PO3 .

3 and the intensity of the resonance signal at g=2.0 (free
radical) increases considerably. This change, however, is
unusual in the earlier studies of Ca-hosts [19,20] where a
simple spectrum or an unchanged spectrum of Mn*" ions
was seen at a similar case. This may lead to a possibility that
the composition of the present sample differs from the
naturally occurring Ca-host materials studied in literature. If
the sintering temperature of the P. calculi sample is further
increased, one more set of additional lines is seen at 600 °C
as shown in Fig. 4. The total hyperfine lines sums up to
three sets which clearly contain the forbidden doublet lines
also and are usually observed for Mn”* ions in crystalline
materials. The appearance of additional set of sextet
hyperfine EPR lines corresponding to Mn?>" ions in this
sample may be due to the presence of phosphate material in
significant concentration comparable with the carbonate
content which will be discussed in next section. At about
650 °C, the free radical signal completely vanishes and the
new set of lines is clearly seen even after 650 °C.

At a sintering temperature of about 700 °C, only one set of
hyperfine lines characteristic of a single site of Mn*" ions
were noticed as shown in Fig. 5. The disappearance of the
free radical signal is followed by the presence of a weak
signal centered at g=1.9983. A significant intense four line

set is also observed as is marked in Fig. 5, which is more
unusual. This can be assigned to various isotopic forms of
chromium (**Cr, **Cr, >*Cr, *°Cr). A novel biological role of
chromium in regulation of insulin function was described
[26]. Conditions that increase circulating glucose and insulin
concentrations increase urinary chromium output [27].

The EPR spectra revealed the presence of different sites
present at different experimental conditions of the sample.
From the EPR spectra measured so far at different sintering
temperatures, the spin-Hamiltonian parameters and zero-
field splitting parameters of which will describe the
oxidation state and the symmetry information of the Mn**
ions in P. calculi sample are given in Table 2. Temperature
variation EPR studies have been performed (for the sample
sintered at 700 °C) in the range 123 to 295 K. Not much
variation is observed in the line widths of the sextet
hyperfine lines. However, the intensity of the spectral lines
increases with decreasing temperature following usual
Boltzmann law. In the EPR spectrum recorded below 213
K, a few more weak resonance signals are observed at
2=2.1850, 2.4510 and 2.7431 and are shown in Fig. 6.
Besides these, two more resonance lines at g=3.1970 and
4.0570 have also been observed but are not shown in Fig. 6,
within the field covered. The signals, which lie between
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Fig. 5. EPR spectrum of P, calculi sintered at 700 °C. Note clearly the absence of free radical signal and the presence of the signals due to **Cr, >*Cr, *°Cr. The

quartet hf lines marked in the figure are due to >*Cr with /=3/2.
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Table 2
The spin-Hamiltonian and zero-field splitting parameters of Mn*" ions in P
calculi sample at different sintering temperatures

Temperature (°C) Site g D (G) A (G)
400 I 2.0028 125 89

I 1.9970 125 90
600 I 2.0034 113 83

I 1.9973 113 84

I 1.9873 114 88
700 1.9960 82

The errors in g, A and D values are +0.0005, £2 G and +5 G, respectively.

3.2>g.>2.4, are generally more evident at low temper-
atures. They appear with temperature dependent line widths
and the line shapes may arise probably due to those systems
having $>1/2. By thorough comparison, one can safely
affirm that these may be due to Mn*" ions with $=3/2 [28].
The resonance signal observed at g=4.0570 is due to Mn*"
ions, and the resonance signals at g=3.1970, 2.7431, 2.4510
and 2.1850 are not only due to Mn>" ions but also due to
presence of Mn*" ions in a low symmetry environment
[29,30]. The sextet hyperfine lines of Mn®" ions centered at
g=1.9964 corresponding to AM=1/2->—1/2 transition have
also been seen in this spectrum clearly.

3.2. Effect of X-irradiation on the P. calculi samples as
monitored by EPR

The samples have also been subjected to X-irradiation for
5 h. The EPR spectra of these irradiated samples show
marked effect over the un-irradiated ones. It can be noted
that the changes in EPR spectral patterns have been seen in
the free radical region as is shown in Fig. 7. These samples
were not subjected to any thermal effects at any stage. The
strong peak centered at g=1.9990 is overlapped with other
signals; however, the other signals may also be seen easily.
Similar observations have also been reported in the case of
some carbonate materials irradiated with gamma rays
[24,25,31]. The signals centered at g=2.0083, 2.0022,
1.9998, 1.9968 and 1.9944 observed after X-irradiation
are the characteristic peaks of free radical, CO, ion which
will be discussed in the next section.

3.3. Infrared spectral studies

The infrared spectral studies have been performed on the
P calculi material. It is known that P. calculi stones may
contain carbonates, phosphates and other salts of calcium.
The infrared spectrum of P calculi recorded at room
temperature is shown in Fig. 8. The observed bands at
3433 cm ' can be attributed to the OH bands of the
carboxylic group or the residual water. The bands between
2933 and 2863 cm ' are due to C—H stretching vibrations.
These bands are strong and the splitting of the triply
degenerate band around 2863 cm™' corresponds to the
symmetric and asymmetric vibrations of CH, and CHj;
groups [32] from the acidic protein matrix. The weak
doublet seen at 2323 cm ™" is due to M—C=0 coordination.

The moderately broad band that appeared at 1645 cm™'
with a halfwidth of approximately 100 cm™' contains two
bands, which are merged. It contains the amide I of the
random coil protein [33]. The bands that observed between
1450 and 1650 cm ™' contains bands corresponding to the
amide I and amide II of protein. Generally the bands
corresponding to amide I are strong, amides II and III are
weak. The bands observed between 1200 and 1350 cm ™' can
be attributed to amide III arising from N-H deformation. The
bands observed at 1027 and 1057 cm ™" are indicative of the
presence of phosphate anion. The strong band observed at
1467 cm™" and a shoulder on it in association with 842 and
739 cm ™! are characteristic bands of CO3™ ion.

4. Discussion

Earlier studies on XRD had noted the presence of calcium
carbonate in other polymorphic forms, i.e., vaterite and
aragonite in various combinations. However, from the
present study, it is found that the primary constituent of the
pancreatic calculi is calcium carbonate, in the form of calcite
and peaks corresponding to aragonite have also been noticed
and are indexed as per crystal phases of CaCOj; in dimorphic
form. However, the presence of calcium phosphates is also
evidenced from the XRD, which is in confirmation with the
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Fig. 6. EPR spectrum of the P. calculi sample recorded at 183 K showing resonances due to Mn®" and Mn®" as marked in the figure.
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Fig. 7. EPR spectrum of X-irradiated P. calculi sample at room temperature. Note the changes in the spectrum in free radical region with number of

resonance signals.

earlier studies [16,35]. The presence of aragonite peaks
clearly demonstrates that, the soluble proteins may mediate
the aragonite growth [17]. This is in good agreement with the
arguments of De Reggi and Gharib [4] that the pancreatic
stone protein may involve and mediate the stone formation.
This would also support the conclusions drawn by Gerbaud
et al. [15] that the lithostathine may modify the growth habit
of the crystallization. The intense peak assigned with hk/
(104) is indicative of the presence of calcite as the major
phase present in the sample. Using the standard calibration
methods of peaks C(104) and A(221) of calcite and
aragonite, the relative molar fractions of calcite and aragonite
phases were estimated according to the method described
elsewhere [36]. Accordingly, the molar fraction of phosphate
was also estimated. The relative concentrations of calcite,
aragonite and calcium phosphate in this specimen are
approximated to 59.14%, 35.7% and 5.14%, respectively.
The absence of any organic free radical signal in fresh P
calculi infers that the protein is strongly bound to Ca®" ions
in the calcite, referring to pancreatic stone protein binding at
crystal faces of calcite. Usually, it happens by repulsive
adsorption, thereon to incorporate into the crystal lattice in

front faces during growth. The EPR spectra observed at
room temperature (Fig. 1) clearly show that the Mn ions are
present in divalent state. However, the presence of very
weak Mn®" signals can be either due to crystal strains
present in the sample or may be due to their association with
Mn*" ions in a non-magnetic state, which is expected to be a
natural impurity in all calcified materials or may be Mn>'—
Mn** in the form of redox couple similar to Mn-SOD [37].
Another possibility is that the Mn may strongly bind to the
protein, which cannot be ruled out. The spectra observed at
200 and 400 °C rules out the possibility of any crystal
strains. Hence, it may be expected that this material contain
manganese in trivalent as well as divalent states. Hence, the
sextet hyperfine spectrum observed at room temperature is
due to Mn®" ions. This can be confirmed in the EPR
spectrum observed at low temperatures as given in Fig. 6,
evidenced by additional resonances appeared at g=4.0570,
3.1970, 2.7431, 2.4510, 2.1850 which are not exactly due to
Mn*" ions, and may also be due to other oxidation states.
Some of them (g=2.74, 2.1), are expected to be due to
contributions from other fine structure transitions of Mn**
(S=I=5/2), |—5/2)—=|-3/2), |-3/2)—|—1/2) [38]. In the
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Fig. 8. The infrared spectrum of powdered P. calculi sample recorded at room temperature. The spectrum was measured in transmission mode using KBr

Pellet technique.
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process of sintering at relatively higher temperatures (>200
°C), the amide groups (protein matter) related to crystal
composition may be lost due to decomposition of organic
matter and hence, the study refers to CaCOj3 and its related
components at high temperatures.

The sextet lines observed in the spectrum at room
temperature, when the sample is heated at 200 °C are due
to the allowed (AM;=0) hyperfine lines. Between two
consecutive hyperfine lines, there exist doublet lines
of relatively less intensity, corresponding to forbidden
transitions (AM;#0). According to Bleaney and Rubins
[35], these forbidden doublets are due to mixing of the
hyperfine levels by the zero-field splitting parameter D.
These forbidden lines can be assigned to [1/2, M;)<|—1/2,
M;—1) and |1/2, M;—1)|—1/2, M}y (M;=5/2,3/2,1/2, —1/
2, —3/2, —5/2) transitions. These forbidden transitions in
polycrystalline samples produce valuable information
regarding the symmetry environment, which indeed is
helpful in our case in order to find the polymorphic forms
of CaCOs.

As seen in Fig. 3, the new sharp line appeared at g=2.0 is
due to the CO;5 radical formed during the thermal treatment
[31], during which, liberation of CO, also takes place. The
linewidth (8 G) and the evolution of this radical clearly
indicate that this radical is due to the CO;5 ion and is in
good agreement with the earlier reports in literature
[5,20,31], where the radical is found to appear at
g=2.0113 (AB=4 G) [5] and g=2.0121 (5.5 G) [39]. Thus,
the CO3 radical is formed due to the presence of PO; ™ and
CO5 anion impurities. Such evolution of the radical
formation is possible when PO~ ions in CaCO; would
introduce neighboring charge compensator, i.e., an anion
vacancy. The presence of the isotropic COjz signal
conceives the possibility of such phosphate impurities
[24]. In the spectra recorded at higher temperatures, two
more sets of sextet hyperfine lines have also been seen. This
is possible when the PO, ions in CaCO5; would introduce
neighboring positively charged ion vacancy. The presence
of PO; ™ is highly possible in this material as can be seen in
XRD and, hence, one can safely assume the generation of
one more cation vacancy in which Mn*" is situated. If it is
true, at certain high temperatures, this vacancy may
disappear at which CaCO; transforms to CaO, which
agrees well with the EPR spectra observed at a sintering
temperature of 700 °C. Though the samples are heated more
than 700 °C, EPR spectral features are similar above this
temperatures also (say above 800 °C), where the trans-
formation of CaCOj3 to CaO may occur completely. Hence,
we restrict our discussion up to 700 °C.

At relatively high temperatures, the sample shows a
broad resonance signal centred at g=1.9983 with a linewidth
of 10 G, which is entirely different from the CO5; radical
observed earlier. This is attributed to Cr** isotopes (**Cr,
*2Cr without any nuclear spin). Similar observations were
reported in the case of a biomineralized marine shell valve
where the proteins involve in biomineralization of the shell

surface [20] and also in CaS material [40] containing
manganese ions in traces. Such signal at g=1.9983 is in
good agreement with those reported for Cr’* in biological
complex [41]. As is seen in Fig. 6, the ESR signals that
appeared at resonances g=4.0570, 3.1970, 2.7431, 2.4510,
2.1850 can be attributed to the various oxidation states of
manganese ions in low symmetry environments, normally
observed at low temperatures [29,30]. This is quite possible
in many biological systems [42], where Mn ions exist in
different oxidation states, in the presence of effective
coordination environments.

As seen in Fig. 7, the X-irradiated sample exhibits clear
changes in the free radical region with a number of
additional resonance signals centered at g=2.0083, 2.0022,
1.9998, 1.9968 and 1.9944. The resonances signals in Fig. 7
at g,,=2.0022, g,,=1.9998 and g..=1.9968 can be attributed
to the g-values of orthorhombic CO, radical ions. This
agrees well with earlier results on the irradiated CaCO;
materials [20,24,25]. Such signals in calcites have been
attributed to be due to the freely rotating CO, radical [24].
These signals have also been observed in CaCOjs shells in
aragonite symmetry [25], where there is no possibility of
free rotation of CO, radical due to the complex symmetry
(due to lack of free space in the lattice) unlike the calcite
dominant materials in the present work.

As can be seen in Fig. 4, the new resonance lines similar
to ones observed for Mn?", but with different line widths
(marked as Cr’") can be attributed to Cr’" (**Cr) with
S=I=3/2. The additional lines present here are not due to
manganese, but are due to the presence of one of the
chromium isotopes in very rare cases [40,43]. It is well
understood that Cr’" is biologically active ion and acts as a
cofactor for insulin. It appears to be required for carbohy-
drate and lipid metabolism in mammals [26] and plays an
important role in lipid metabolism [25,27] in a variety of
biochemical reactions and a novel biological role of
chromium in regulation of insulin function is described
elsewhere [25,44]. The main reason for the detection of Cr-
related defect is given by the fact that the hyperfine structure
reflects the natural abundance of isotopes. Cr is the only
element having isotopes and fulfils the observed splitting.
The central line at g=1.9983 is due to the isotopes >*Cr, **Cr
and *°Cr without any nuclear spin, and the four line pattern
indicated in Fig. 4, are due to the isotope >*Cr having a
nuclear spin /=3/2 with a natural abundance of 9.55%
[40,43]. Such a Cr*" ion is possible to occupy the substitu-
tional cation site, which may be occupied from one of the
Ca”" sites, where it is being already occupied by Mn*". At
high temperatures, the oxidation state of Cr is very much
influenced such that the lattice energy may provide a chance
for the lattice neutral Cr*" jon states to change into the Cr**
states, which is an EPR observable. The observed splitting
of quartet hf lines (4=24 G) is in better agreement with that
reported for Cr’" ions in literature [40,43].

In the infrared spectrum of P. calculi shown in Fig. 7, the
bands observed at 3433, 2933 and 2863 cm ™! correspond to
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the protein material in the P. calculi. Though it contains
larger proportions of calcified calculi, predominant presence
of the protein amide bands were witnessed in the IR
spectrum due to large acidophilic protein. This is in good
agreement with the observations of pancreatic stone protein
(lithostathine) with a 16 kDa length in calcified pancreatic
calculi which is found in the case of the patients suffering
from chronic pancreatitis [44]. These bands are similar to
the IR results of gallstone protein reported by Kleiner et al.
[45], they attributed these bands to the CH, and CH; bands
corresponding to the pancreatic juice containing 16 kDa
acidic protein. The infrared band positions and their
assignments are clearly presented in Table 3. The broad
band centered at 1645 cm™ ' matches exactly with amide I
[46] indicating the presence of low concentrations of protein
in the calcified stones.

As said above, the amide bands of the random coil
protein contains bands between 1650 and 1450 cm ™', the
bands appeared at 1200—1350 cm ™! correspond to the amide
II of the protein present in the P calculi. The band
appeared as a shoulder at 1467 cm™' is specifically, a
characteristic doubly degenerate asymmetric stretching
v3(E) band of CO3~ molecular ion, which appears due to
the heavier calcification of the pancreatic stones. This

Table 3
The infrared band positions and their tentative assignments in the case of P,
calculi samples

Band position Assignment

3433 (s, vb) —-OH protein P sheet

3063 (w) -NH H-bonded

2933 (m, s) C-H assymmetric
stretch

2903 (m) C-H

2863, 2841. .. (sh, triplet)y C-H symmetric
stretch

2323 (doublet) M-C=0 metal
coordination

1645 w -C=0 amide |

1596 w C=0 stretch Vas

COO™ antisymmetric

1540 (vw) stretch amide II

1467 (m) C-H CH, bend

1435 (w, sh) v3(E) assymmetric stretch ~ CO3~

1377 C-OH

1365 (m)

1331 N-H deform amide IIT

1281 (vw)

1215 (vw) C=0 stretch

1057 (sp) v3(E) PO~

1027 (sh) co3~ aragonite

957 vi(A)) PO;~

842 (sp) v2(A2) Co3~

800 (sp) -NH M-N
coordination

739 w v4(E) co%~

587 w va(E) PO~

504 N-H N-H twist

s=strong, w=weak, m=medium, sp=sharp, sh=shoulder, vb=very broad,
vw=very weak, M=metal ion.

indicates that, these stones are calcified and the protein
bands are weakened. The band occurred at 1377 cm ™' with
a sharp band at its shoulder is characteristic of carboxyl
ions. This occurs normally due to the interaction of carboxyl
groups with the metal ions [47]. This is also supported by
the presence of weak doublet at 2323 cm ™' that, the metal
ion is coordinated to carboxyl group (M—C=O0), which
cannot be seen in artificially synthesized CaCOj crystals
[48] and hence the possibility of this band due to CO, can
be ruled out in the present case. The bands at 957 cm ™' and
the other at 1057 cm ™' are due to the v1(A) and 15(E)
PO; ™~ molecular ion in a complex [34]. The band observed
at 957 cm ' is due to of PO; . The sharp band observed at
842 cm™ ! is due to v(A») of carbonate ion and the band at
800 cm ™ is due to -NH metal coordination. The weak band
at 739 cm™ ' can be assigned to the in-plane bending mode
v4(E) of carbonate molecular ion. The band corresponding
to v3(E) of CO3~ can be seen at 1435 cm™'. The sharp band
observed at 1027 cm ™! particularly arises due to aragonitic
symmetry of calcium carbonate. The bands observed at 587
and 504 cm ™" are due to v4(E) of phosphate and NH, twist,
respectively. The presence of aragonite phases in these
stones may well be documented with the inception that the
aragonite material will influence the calcification, hardening
processes of the stones and further, this also influences the
calcium phosphate formation [49]. Also, the higher calcifi-
cation indicates the lesser amounts of lithostathine secretion,
which indeed is observed in our detailed experiments. Such
higher calcification indicates the increasing attitude of
chronic pancreatitis disease.

5. Conclusions

The pancreatic stones collected from the patients suffering
from chronic pancreatitis have been studied by XRD, EPR
and infrared spectra. From the XRD studies, it is found that
the primary constituent of the pancreatic calculi is calcium
carbonate, in the form of calcite (major), aragonite and the
tracer amounts of phosphates. The presence of aragonite
peaks here demonstrates the involvement of protein macro-
molecules in calcification process. The biomineralized
species of the pancreatic stones were explored with thermal
sintering and also with the X-irradiation experiments, using
EPR technique. This technique has also been utilized taking
the advantage of the presence of paramagnetic manganese
ions in traces. The detailed spectral studies demonstrate the
possibility of two or more salts of calcium in the calcified
samples. We have explored the dynamics of the carbonate
radical species in the form of CO5; and CO, molecules using
the thermal and X-irradiation assisted by EPR technique. The
infrared spectrum observed at room temperature shows
number of bands characteristic of calcium carbonate and
the calcium binding protein in the complex. The detailed
experiments conclude that, the lithostathine would involve in
the pancreatic stone formation.
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